This is a matter for further consideration when we have chosen our standard of dose. The extent to which the same dose of different radiations does fulfil this condition will depend on the precise method adopted to measure the radiations, i.e., the type of apparatus we employ. Any physical effect of the radiations, heating effects, photographic effects, chemical changes as in the pastille, ionization effects as in the employment of the "r" unit, either of these may be made the basis of a system of measuring dose and has indeed been so used. It is unnecessary to discuss this matter in detail as the Kienb6ck method, pastille methods, are familiar to all of you. It is perhaps worth examining in a little more detail the most satisfactory of the methods, namely, that based on ionization in air, as it has supplanted to a great extent all other methods and has been adopted for international use as the Rontgen or " r " unit of dose.
This unit depends o-n the ionization produced in one c.c. of air under normal conditions, the dose being measured by the amount of electricity separated in the air and measured under such conditions as to avoid certain well-known and troublesome errors of such measurements. It is to be observed that the unit here suggested, the international "r" unit, relates to the ionization and probably the energy absorbed in the volume of air experimented upon, not incident but absorbed energy. In this sense it is a real unit of dose not, as seems often assumed, a measure of incident energy. It automatically takes account of the varying absorption with different radiations, though whether it does so correctly from a therapeutic standpoint, is a problem of great complexity on which the opinions of those here would be very valuable. There is good evidence that over a wide range of wave-lengths the absorptions of air and tissues run approximately parallel, that is, tissues are to the physicist merely a particularly interesting type of compressed. air. Much evidence of a biological character supports the view that the same dose in " r " of different wave-lengths does produce the same biological effects, the wavelength range being even quoted as wide as from Grenz rays to 7 rays. Whether this is so in therapy is a subject for discussion. Our knowledge of physics is, it. seems to me, insufficient to solve the problem precisely, though experiments and theory suggest that for very hard rays, y rays and hard X-rays, the effect should be independent of X but that the effects of softer rays might be greater than the dose in " r" would suggest. The reason for this is rather more subtle than sometimes is imagined, the effect being dependent not on the greater absorption of the radiations, as this should be automatically compensated in an ionization unit, but rather the change in fundamental mechanism of absorption from recoil effects to photo-electric effects, the former nearly independent of atomic number and the latter very variable with this quantity and therefore taking account of chemical composition. The time factor, or time spacing of the radiations is, however, all important and complicates the problem of dosage very considerably, so much so as to make a statement of dose almost useless unless accompanied by a precise statement of the time spacing of the radiation.
The effect is somewhat analogous to the law of blackening of photographic emulsions by light in which, not the product of intensity and time (It), but the product of intensity and a certain power (p) of the time (IW) is constant. The value of p is however variable, values of p -0 * 3 to p -0 * 8 being found to give about the right result in certain cases.
This time factor probably accounts for much of the apparent discrepancy between results for X and 7 rays, since in general the 7 rays from say, a 1-gm. Ra. pack have an intensity in r of the order of #7T of that used in deep X-ray therapy. The same effect enters, of course, in the use of very heavy filters to produce penetrating beams. We alter both the time and the quality of radiation in most cases.
There is no doubt, however, that the ionization method has many advantages over its rivals. It offers a definite quantity (actually a quantity of electricity) which can be measured with considerable accuracy (easily 0-1%) involving no subjective difficulties such as are present in the estimating of colours of a pastille where errors of 20% easily occur. It is quick and simple, using modern forms of apparatus (in fact the whole measurement is made and automatically recorded without the operator at all), it possesses much less dependence on external conditions of temperature, humidity, concentrations and times which mar all photographic methods, while the extreme delicacy of measuring apparatus involved in attempts to measure directly heat production by the rays is avoided, and the apparatus is reasonably robust and transportable. We will therefore assume that for X-rays the ionization unit is accepted, and we agree to state our doses in r units. We may now turn to more directly practical matters and ask whether such a unit is really necessary. Is a statement of kv., current, filter, time distance sufficient, or, since there is no doubt as to the answer, how insufficient ? We will, in more senses than one, treat the problem superficially and consider only the radiation falling on the surface of the skin. In series of measurements carried on for some time in r, the variation in output of the same set under supposedly the same conditions is astonishing. We may mention the fact that two tubes of practically identical design run off the same apparatus with all electrical conditions the same showed differences of output of 35%, while very large variations occur during the life of a tube. Thus a Coolidge standard tube showed a falling off of output of approximately 40% just before its "deaths" by puncture, while a coil apparatus with mechanical rectifier run at 200 kv., 4 ma. 0 5 mm. Cu and 40 cm. for a distance showed variations in output from time to time of 30%.
The constancy of the ionization apparatus was carefully controlled by radium. Records of other coil sets under good laboratory conditions show maximum variations of the order of 30%. Experiments in which the barometric height, temperature and humidity were made simultaneously with the X-ray measurement revealed no definite connection between X-ray output and humidity. These very large variations in output are not shown (in my experience) by constant high tension apparatus of, say, the " Stabilivolt" type, but variations of output of the order ± 5% are still recorded from time to time. Results of a number of measurements spread over approximately two years were given bearing out this statement. This constancy might be thought to be satisfactory and is probably often sufficient, but subtle accidents will show the necessity for constant standardization. Three examples might be given from the writer's recent experience.
(1) The output of a coil outfit was measured with the set apparently running very satisfactorily. The intensity of X-rays was approximately nil! Careful search after overhaul of the complete set revealed that the lead rubber used in defining the beam had fallen diagonally across the applicator and the rays had therefore to pass through a considerable thickness before reaching the patient.
(2) Again, a constant H. T. apparatus appeared to be running entirely satisfactorily, but measurement showed that the X-ray output was approximately 10% of its normal value. This was eventually traced to the fact that the tube in a Holfelder cannon apparatus had been cleaned and replaced with the target facing away from the aperture. Of course nothing was visible from the outside.
(3) In a third case the output of a set suddenly fell to approximately 60% of its normal value, a phenomenon eventually traced to a milliameter which had been disturbed, and whose readings for a given current had doubled.
There must be many other ways in which the output of an X-ray apparatus may fall very considerably, but such accidents point, in the opinion of the writer, to the absolute necessity for very frequent standardization of the output of X-ray apparatus used in therapy. The ideal is undoubtedly the recording instrument used on every patient, but failing this, measurements should be made every day or two, as otherwise it may be necessary to waste much time and energy repeating treatments incorrectly administered. If we are to take advantage of the improvement which may be effected via the r unit, such measurements are essential.
Of course, we solve one problem in terms of another. Do ionization instruments keep constant over large intervals of time ? Such evidence as there is suggests that they do so in general; only much larger series of observations than we have at the moment can give the answer authoritatively. The means provided by the makers of testing the constancy of many ionization instruments are certainly insufficient, and large variations are possible, though standard times show no variation.
In the remaining time I would like to say something of the problems of dosage in radium therapy, for it seems that here the problems are in certain respects more difficult, and less progress has been made. If, as for X-ray therapy, we think of the dose as the energy absorbed per c.c., then here, too, we must fundamentally choose a unit of dosage in accordance with this idea.
From a physical point of view, the present method of statement of dose in terms of mg. hrs. or millicuries destroyed is evidently a beginning comparable to the statement of kv., current, etc., in the X-ray case. True, we have now a constant output, and therefore the possibility of accurate repetition, but it seems that much more information is needed on such subjects as the actual distribution of radiation throughout the tissues. An admirable commencement has been made by such workers as Murdoch and Stahel, who have determined the distribution of radiation around radium tubes, and attempted to arrange as uniform as possible an irradiation throughout the volume to be treated. Their unit of dose is the absolute cgs. one of ergs./c.c., but for reasons which were set forth recently 1 it seems advantageous to attempt to make the measurements in r units so as to have the results comparable with those for X-rays. The experiments are somewhat difficult, but the results of considerable value in various fields, e.g., in that of protection. My own measurements suggest that 1 mg. hr. at 1 cm. for radium is equivalent to approximately 9 r, and it is possible thus to see the enormous doses (of the order of 25,000 r) which are delivered close to' a buried container compared to the dose received at more distant places.
The desirability or otherwise of stating, say, the minimum dose throughout the tumour in r units is, I suggest, an interesting point for discussion since such a method of statement does at least focus attention on the actual absorption in the tumour rather than the source of radiation. Some other method such as the actual counting of the quanta absorbed is possible and even in some ways desirable, but the ionization method is well established and laboratories all over the world have, at least for X-rays, agreed on the unit to an accuracy of at least 1%, though the present experimental work for radium suggests very much larger discrepancies.
To revert here, too, to the practical methods of physical standardization, in the course of the examination of some hundreds of radium containers, it has been demonstrated very clearly that every container for therapeutic use should be measured separately; block tests are not in general sufficient. The individual tests need not be elaborate or very accurate. An accuracy of 2 to 3% is probably sufficient and very easily attained. When fixing the total amount of radium for purchase a higher accuracy is necessary, but the individual checking may be made less accurately but must be performed. As an example in a block of ten 1-mg. needles, one needle was found having a content 1-98 mg. and a second needle 0-2 mg. These had been purchased and sent out by reputable organizations. Again, for very long needles occasionally employed, the inaccuracy of packing along the length of the needle is sometimes very surprising and such as to preclude any possibility of accurate dosage or even reasonable usage. It is therefore of great importance that, before being put into use, every container be properly tested for these factors. I W. V. Mayneord, Erit. Journ. of Badiology, vol. iv, No. 48, Dec. 1931. Old and New Theories with Regard to X-ray Dosage in Cancer. By F. HERNAMAN-JOHNSON, M.D. X-BRAYS, in their earliest application to malignant disease, were of necessity given empirically. Small doses were the rule; this was not, however, due to design, but to the limitations of the apparatus available. Basal epitheliomas, among the skin cancers, and carcinoma of the breast were among the earliest new growths treated. In the latter, microscopic examination of remainders showed abundance of fibrous tissue strangling degenerated carcinoma cells; there were also, in most cases, a few malignant cells, apparently undamaged. You will find a description of this kind in a paper read by a pathologist at the British Medical Association meeting in Liverpool in 1912; it might equally well be read to-day.
About this time laboratory workers were very busy pointing out, on the one hand, the selective effect of X-rays upon embryonic cells; and, on the other, the resemblance between such cells and those of malignant growths, which were regarded as "throw-backs " to a primitive type concerned only with multiplication.
From these facts arose the theory of the combined depressant and stimulant action of X-rays-depressant to cancer cells because they were pseudo-embryonic, stimulant to the healthy surroundings, causing a reaction, with fibrous tissue formation and destruction of malignant elements by natural processes.
